We present the preliminary design for the MMT and Magellan Infrared Spectrograph (MMIRS). MMIRS is a fully refractive imager and multi-object spectrograph that uses a 2048×2048 pixel Hawaii2 HgCdTe array. It offers a 7 ×7 imaging field of view and a 4 ×7 field of view for multi-object spectroscopy. Dispersion is provided by a set of 5 grisms providing R=3000 at J, H, or K, or R=1300 in J+H or H+K.
INTRODUCTION
We present in the paper the preliminary design of MMIRS, the MMT andMagellan Infrared Spectrograph. MMIRS will be used at the f/5 Cassegrain focus of the converted 6.5m MMT, on Mt. Hopkins, AZ, and the Magellan Clay Telescope, on Las Campanas, Chile. It will offer a 7 × 7 field of view for imaging. For multi-slit spectroscopy, a 4 × 7 field of view is available, of which the central 2 gives the full spectral range, and the outer 2 gives a slightly clipped spectral range. Dispersion is provided by a set of 5 grisms providing R=3000 at J, H, or K, or R=1300 in J+H or H+K.
MMIRS is very similar in design to the FLAMINGOS and FLAMINGOS2
1, 2 instruments built at the University of Florida. In designing MMIRS we are deliberately copying much of the mechanical design of these instruments to minimize design cost and risk. Some departures are required to accomodate the more challenging optical design required at f/5. Like its FLAMINGOS predecessors, MMIRS has two main sections. The area above the slit, known as the "MOS" section, contains the corrector optics, the Multi Object Slit wheel mechanisms and guider feed mirrors. This section can by thermally cycled from LN2 temperature, to room temperature, and back in 8 hours to allow changeout of the slit plates during the day. The lower section of the instrument is designed to be kept cold for extended periods. It contains the collimator optics, two filter wheels, a Lyot stop, a grism wheel, the camera optics, and a Rockwell Hawaii2 2048×2048 pixel 0.9-2.5µm HgCdTe detector. Both sections of the instrument are cooled by LN 2 .
OPTICAL DESIGN

Overview
The optical design for MMIRS is comprised of three sections, a corrector, a collimator, and a camera. A layout of the optics is shown in in Figure 1 , and the prescription is given in Table 1 . A final iteration to this prescription will be made prior to fabrication to incorporate melt sheet data and test plate fits.
The two element CaF 2 corrector lies in front of the f/5 Cassegrain focus of the converted 6.5m MMT or Clay Magellan Telescope and produces images with RMS spot diameter less than 0. 1 over a 14 field of view. The first element of the corrector also serves as the vacuum window of the cryostat. With a thickness of 50mm it has a stress of 125 PSI from atmospheric pressure. The second corrector element is inside the cryostat but cools only slightly by radiation to the cold mechanisms below. It acts as a radiation shield to the first element, reducing its radiative cooling and any tendency to condense water. Proc. of SPIE Vol. 5492 1307
Figure 1. MMIRS Optics Layout
Below the second corrector element lie pickoff mirrors for the guider assemblies (see section 2.3 below), a Dekker wheel to select the aperture size, and the slit wheel. The slit wheel contains a square imaging aperture, 7 long slits, varying in size from 0. 2 (1 pixel) to 2 (10 pixels), and 8 multislit masks, each 4 ×7 .
Separating the slit mask wheel from the collimator is a gate valve to isolate the optics and detector during slitmask changeout. The distance from the slit mask to the first element is 100mm. This distance is a compromise -any smaller and packaging the gate valve would be impossible. Any larger and the collimator design produces unacceptably poor image quality. Another approach would have been to put the first element of the collimator inside the MOS dewar and putting the gate valve between the first and second elements. This would result in both easier packaging and a less constraining optical design. However this approach requires rapid heating and cooling of a CaF 2 lens, which we view as risky.
The 520mm focal length collimator has 6 elements, made of CaF 2 , CaF 2 , BaF 2 , ZnSe, Fused Quartz, and CaF 2 . It produces a 100mm diameter collimated beam. The filters are located just before the Lyot stop. Because of aberrations in the pupil image, the Lyot diameter that allows all rays to pass through is 106mm. This will be the size of the aperture. The K-band filter contain a smaller aperture which guarantees that only rays that come through the telescope will pass through the stop. We thus accept slight vignetting in favor of optimal thermal background rejection.
After the Lyot stop is the wheel for the grisms which are discussed further in Section 2.2. The 280mm focal length camera optics also contains 6 elements, made of CaF 2 , S-FTM16, CaF 2 , BaF 2 , CaF 2 , and S-FTM16. To support this design we have measured the previously unmeasured cryogenic refractive indices of Ohara S-FTM16. During the optical design process several constraints were introduced into the ZEMAX optimization operands to control ghost images. As a result, a ghost analysis shows that there are no significant ghost images or ghost pupils in the MMIRS optics. Table 2 shows the suite of MMIRS grisms. The gratings will be standard epoxy based replica gratings mounted on CaF2 prisms. The efficiencies were calculated and the facet angles optimized using IIG's PCGrate-MLT software.
Grisms
Guiding and Wavefront Sensing
A pair of pickoff mirrors just above the focal plane will direct light into two identical guider/wavefront sensor assemblies. The guiding area is located outside of the 7 ×7 area out to a maximum radius of 7 . Each guider assembly is located outside the vacuum on a 3-axis stage (x, y, and focus). The stage carries a pair of 250mm achromats which reimages the focal plane onto a 1024×1024 frame transfer CCD. The field of view of each guide camera is 1. 3×1. 3. For wavefront sensing, fold mirrors can be inserted into the beam which direct the light through a Shack-Hartmann wavefront sensor. The wavefront sensor contains an aperture to limit the field of view to minimize sky background, a collimating lens, and the lenslet array. An LED illuminated pinhole located inside the cryostat provides a calibration source for the wavefront sensor. We expect to use one camera in guide mode and the other in wavefront sensing mode.
MECHANICAL DESIGN
Layout
The layout of the instrument is shown in Figure 3 . The top section of the instrument is the MOS chamber. The toroidal LN 2 reservoir is supported by an insulating ring from the bulkhead separating the two cryostat sections. The top of the MOS LN 2 reservoir serves as the mounting plate for the MOS and Dekker wheels and the guider pickoff mirrors. To the sides are two windows that send the guider light outside the cryostat. Below the MOS mechanisms is the gate valve, and immediately below this is the first collimator element. The tight spacing of the pickoff, wheels, LN 2 , valve, and lens has proven to be a significant packaging challenge.
Mounted from the bottom of the bulkhead is a second ring which supports a D-shaped LN2 reservoir in the camera section. The face of this reservoir is the bench to which all the optics are mounted.
Optics mounts
The MMIRS cryogenic optics mount design follows an approach similar to that used in the Gemini Near Infrared Spectrograph (GNIRS). 4 The lenses are mounted in aluminum ring bezels. Each lens is constrained radially by two hard points and preloaded with a third spring point. Axially, the lenses are constrained in the bezel on one side and spring loaded on the other (see Figure 4) . The bezels are mounted onto an Al V-block which is mounted onto the Al optical bench. Inter-optic spacing is controlled with precision spacers between each bezel.
Mechanisms
As in FLAMINGOS, the wheels are held by a central shaft with cooling through sapphire ball bearings. The wheels are driven by a worm drive from the edge to discrete positions, where the motor is de-energized. The wheel is held in place using a spring-loaded detent.
ELECTRICAL DESIGN
Motion Control
The mechanisms are all powered by Phytron cryogenic stepper motors. The motors are driven by Intelligent Motion Systems IM805 stepper motor drivers under control of a DeltaTau UMAC motion controller. Each wheel will have a home switch and an in-position switch on the detent mechanism.
Detector Readout
The detector readout electronics are based on the electronics designed for SAO's large CCD mosaic camera, Megacam. 5 The Megacam system was designed to drive 72 outputs amplifiers, where the Hawaii2 has only 32 output amplifiers plus 4 reference outputs. The clock generation files are downloaded from the host computer, and thus requires no hardware changes from the Megacam design. The data are read out using the EDT PCI/RCI fiber optic interface. The only area requiring modest changes is the AD board which must accept a DC coupled signal from the Hawaii2 rather than the CCD's AC coupled signal. With 32 channels reading out the array at 200 kilopixels per second each, the readout time for the full array is 0.65 seconds per read.
Auxilliary components
Other components of the MMIRS system include a turbo pump mounted directly to the MOS dewar. This pump will be used during slit mask changeouts and also for the less frequent pumpouts of the main dewar. A vacuum interlock system prevents the gate valve from being opened during unsafe conditions (e.g. if the MOS dewar is at atmosphere and the main dewar is at vacuum). A number of temperature sensors and heaters the dewar will be used to control cooldown and warmup rates of the detector and optics. Detailed design of these systems awaits further thermal analysis.
